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DAM  SAFETY  PROGRAM 

Atwood  Lake  Dam 
M i s sou r i 
•lefferson 

Tributary  of  Sandy  Creek 
8  October  1980 


The  Atwood  Lake  Dam  was  visually  inspected  by  engineering  personnel  of 
Horner  &  Shifrin,  Inc.,  Consulting  Engineers,  St.  Louis,  Missouri.  The 
purpose  of  this  inspection  was  to  assess  the  general  condition  of  the  dam  with 
respect  to  safety  and,  based  upon  this  inspection  and  available  data, 
determine  if  the  dam  poses  a  hazard  to  human  life  or  property. 

The  following  summarizes  the  findings  of  the  visual  inspection  and  the 
results  of  certain  hydrologic/hydraulic  investigations  performed  under  the 
direction  of  the  inspection  team.  Based  on  the  visual  inspection  and  the 
results  of  these  hydrologic/hydraulic  investigations,  the  present  general 
condition  of  the  dam  is  considered  to  he  satisfactory.  However,  several  items 
were  noticed  during  the  inspection  which  are  considered  to  have  an  adverse 
effect  on  the  overall  safety  and  future  operation  of  the  dam.  These  items 
include  erosion  of  the  upstream  face  of  the  embankment,  trees  and  areas  of 
dense  undergrowth  on  the  downstream  face  of  the  embankment,  and  erosion  of  the 
emergency  spillway  outlet  channel.  Animal  burrows  were  not  observed  during 
the  inspection,  hut  their  presence  was  indicated  by  Mr.  LaPlant,  the  camp 
caretaker. 

According  to  the  criteria  set  forth  in  the  recommended  guidelines,  the 
magnitude  of  the  spillway  design  flood  for  the  Atwood  Lake  Dam,  which  is 
classified  as  small  in  size  and  of  high  hazard  potential,  is  specified  to  be  a 
minimum  of  one-half  the  Probable  Maximum  Flood  (PMF).  Considering  the  fact 
that  a  relatively  small  volume  of  water  is  impounded  by  the  dam,  that  the 


flood  plain  downstream  of  the  dam  is  fairly  broad,  and  that  there  are  hut 
three  dwellings  within  the  estimate  !  flood  damagu  .-on<>,  it  is  recommend* ,*il  that 
the  spillways  for  this  dam  be  designed  for  one -half  the  PMr.  The  Probable 
Maximum  Flood  (PM F)  is  the  flood  that  may  be  expected  f rnm  the  most  severe 
combination  of  critical  moteorologie  and  hydrnlogiV  conditions  that  an.' 
reasonably  possible  in  the  region. 

Results  of  a  hydrologic/hydraulic  analysis  indicated  the  spillways, 
principal  plus  emergency,  are  inadequate  to  safely  pass  lake  outflow  resulting 
from  a  storm  of  one-half  PMF  magnitude  without  significant  degradation  by 
erosion  of  the  emergency  spillway  crest.  The  spillways  are  capable  of  passing 
lake  outflow  resulting  from  the  one  percent  chance  (100-year  frequency)  flood 
and  the  outflow  corresponding  to  about  42  percent  of  the  PMF.  According  to 
the  St.  Louis  District,  Corps  of  Engineers,  the  length  of  the  downstream 
damage  zone,  should  failure  of  the  dam  occur,  is  estimated  to  be  one  mile. 
Within  the  potential  flood  damage  zone  are  three  dwellings  and  a  farm 
building. 

A  review  of  available  data  did  not  disclose  that  seepage  or  stability 
analyses  of  the  dam  were  performed.  This  is  considered  a  deficiency  and 
should  be  rectified. 

It  is  recommended  that  the  Owner  take  the  necessary  action  in  the  near 
future  to  correct  or  control  the  deficiencies  and  safety  defects  reported 
herein.  Restoration  and  protection  of  the  upstream  face  of  the  dam  should  he 
assigned  a  high  priority. 


S' 

Harold  n.  Lockett 
P.  F.  Missouri  £-4189 
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SECTION  ].  -  PROJECT  I  (FORMAT  ION 


1.1  GENERAL 

a.  Authority .  Tl>  National  Dam  Insp'*et  ;nn  Ar';,  Public  Law  V-V.7,  da*  ed 
8  August  1972,  author!  rod  the  Secret  ary  of'  flu-  Army,  I  h rough  the  Corps  s' 
Engineers,  to  initiate  a  program  of  safety  inspection  of  darns  raughcuf 
United  States.  Pursuant  to  the  nbov- ,  the  St.  Lou's  District,  0 u ; : of 
Engineers,  directed  that  a  safety  inspect  ion  of  the  Atwood  I  a>«  Dam  hr- 

b.  Purpose  of  Inspect  'cn.  The  purp-'se  of  t;vs  visua’  inspect i"n  was  c- 
make  an  assessment  of  the  general  condition  of  the  ism  with  re«Dect  t)  saf-civ 
and,  based  upon  available  data  and  this  inspection,  determine  if  the  dim  poser 
a  hazard  to  human  life  or  property. 

c.  Evaluation  Criteria.  Thi  '.'valuation  was  performed  in  accordance 
with  tne  "Phase  I"  investigation  procedures  as  prescribed  in  the  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams",  Appendix  D  to  "Report  to  the  Chief 
of  Engineers  on  the  National  Program  of  Inspection  of  Non-Federal  Dams",  dated 
May  1975. 

1.2  DESCRIP i ION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances.  The  Atwood  Lake  Dam  is  an 
earthf ill  type  embankment  rising  approximately  27  feet  above  the  natural 
streambed  at  the  downstream  toe  of  the  barnor.  The  upstream  siu°  nf  the 
embankment,  according  to  information  shown  no  the  dam  const ruct!nn  drawings, 
is  indicated  to  have  a  slope  of  lv  on  7.5h:  however,  because  of  ^msion,  the 
slope  has  become  considerably  steeper  above  the  normal  waterline  across  most 
of  the  dam.  The  downstream  side  of  the  dam  is  somewhat  irregular  with  a  slope 
of  approximately  lv  on  ?.?h  near  the  top  of  the  structure,  hut  becoming 
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flatter,  about  lv  on  2.9h,  near  the  base  of  the  dam.  The  width  of  the  i. rest 
is  approximately  12  feet  unit  ttve  dam  is  about  a  73  feet  long.  A  plan  ano 
profile  of  the  dam  is  shown  on  Plate  a  cross-sect. inn  of  the  darn  is  shown  on 
Plate  4,  and  an  overview  photograph  of  the  dam  is  shown  following  the  preface 
at  the  front  of  the  report.  At  normal  pool  elevation,  the  reservoir  impounded 
by  the  dam  occupies  approximately  7  acres. 

The  dam  has  both  a  principal  and  an  emergency  spillway.  The  principal 
spillway,  a  4-foot  square  reinforced  concrete  drop  inlet  structure  with  a 
concrete  back  wall  that  serves  to  protect  the  dam  and  a  4R-inch  diameter  pipe 
outlet  that  passes  through  the  dam,  is  located  at  tine  right,  or  south,  end  of 
the  dam.  The  drop  inlet  structure  is  about  3.9  feet  deep.  A  6-inch  valve 
located  in  the  bottom  of  the  structure  is  provided  to  allow  partial  lake 
drawdown.  The  outlet  channel  for  the  principal  spillway  follows  a  course 
along  the  hillside  of  the  right  abutment  for  about  63  feet  before  dropping 
abruptly  at  a  sandstone  outcropping  to  the  original  stream  channel  downstream 
of  the  dam.  A  profile  of  the  principal  spillway  outJet  is  shown  on  Plate  4. 

The  emergency  spillway  is  located  at  the  left,  or  north,  abutment.  The 
spillway  outlet  charnel,  an  excavated  earthen  trapezoidal  section,  is  cut  into 
the  hiilside  at  the  end  of  the  dam.  An  earthen  bank  that  serves  to  confine 
flow  to  the  channel  and  protect  the  dam  is  constructed  on  the  right  side  of 
the  channel.  The  bank  extends  to  a  point  approximately  60  feet  downstream  of 
the  center  of  the  dam.  Just  beyond  the  end  of  the  bank,  the  outlet  channel 
bends  to  the  south  and  flows  along  a  course  that  closely  parallels  the  dam. 

The  spillway  outlet  channel  appears  to  join  the  original  stream  channel  at  a 
point  about  40  feet  downstream  of  the  dam.  A  profile  of  the  emergency 
spillway  crest  section  and  a  cross-section  of  the  spillway  at  the  centerline 
of  the  dam,  are  shown  on  Plate  5. 

b.  Location.  The  dam  is  located  on  an  unnamed  tributary  of  Sandy  Creek 
about  0.6  mile  northwest  of  the  intersection  of  Sandy  Road  and  t.he  entrance 
road  to  Camp  Cedar  Ledge;  and  about  3.5  miles  northeast  of  the  community  of 
Pevely,  Missouri,  as  shown  on  the  Regional  Vicinity  Map,  Plate  1.  Th”  nan  is 
located  within  U.  S.  Survey  437,  approximately  l,inn  foot  southeast  and  ?'>q 
feet  northeast  of  the  northwest  corner  of  Survey  437,  in  Township  41  North, 
Range  5  East,  in  Jefferson  County. 
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c.  Size  Classification.  The  si/e  classification  based  on  the  height  of 
the  dam  and  storage  capacity,  is  categorized  as  small  (per  Table  l, 

Recommended  Guidelines  for  Safety  Inspect  inn  of  Dams'). 

d.  Hazard  Classification.  The  Atwood  Lake  Gam,  according  to  the  St. 
Louis  District,  Corps  of  Engineers,  has  a  high  hazard  potential,  meaning  that 
if  the  dam  should  fail,  there  may  he  loss  of  life,  serious  damage  to  homes,  or 
extensive  damage  to  agricultural,  industrial  and  commercial  facilities, 
important  public  utilities,  main  highways,  or  railroads.  The  estimated  flood 
damage  zone,  should  failure  of  the  dam  occur,  as  determined  by  the  St.  Louis 
District,  extends  one  mile  downstream  of  the  dam.  Within  the  possible  damage 
zone  are  three  dwellings  and  a  farm  building.  Those  features  lying  within  the 
downstream  damage  zone  as  reported  by  the  St.  Louis  District,  Corps  of 
Engineers,  were  verified  hy  the  inspection  team. 

e.  Ownership.  The  lake  and  dam  are  owned  hy  the  Girl  Scout  Council  of 
Greater  St.  Louis.  The  main  office  of  the  Girl  Scout  organization  is  located 
at  915  Olive  Street,  St.  Louis,  Missouri,  63101.  Mr.  Gary  Winzenburger , 
Property  Manager,  is  the  Owner's  representative. 

f.  Purpose  of  Dam.  The  dam  impounds  water  for  recreational  use  by  the 
Girl  Scout  organization. 

g.  Design  and  Construction  History.  According  to  Ms.  Amanda  Schlueter, 
the  original  dam,  a  structure  approximately  17  feet,  high,  was  built  hy  her 
father,  Henry  Schlueter,  sometime  around  1955.  Ms.  Schlueter  reported  that 
her  father  was  a  farmer  by  occupation  and  const  runted  the  dam  during  his  spare 
time.  In  1969,  following  acquisition  of  the  property  hy  the  Girl  Scout 
Council  of  Greater  St.  Louis,  based  nn  plans  prep-ir.-'d  jointly  by  Reitz  \  Jens, 
Consuting  Engineers,  St.  Louis,  Missouri,  arid  U.  S.  Department  of  Agriculture, 
Soil  Conservation  Service,  the  dam  was  raised  approximately  10  feet  and  new 
spillways  were  provided.  Construction  plan1',  hear  inn  the  Reitz  .5  Jens  title 
block  for  these  dam  improvements,  reference  P kites  6  through  P.  arc  included 
herein.  The  contractor  that  performed  the  work  indicated  nn  the  plans  could 
not  be  determined.  Since  improving  the  dam  in  !V,g,  there  have  been  nn 
subsequent  changes  or  additions  to  the  structure. 
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h.  Normal  Operational  Procedure.  The  lake  level  is  unregulated.  Lake 
outflow  is  governed  by  the  combined  rapaei  t ies  of  a  drop  inlet  type  principal 
spillway  and  an  excavated  earth  type  emergency  spillway. 

1.3  PERTINENT  DATA 

a.  drainage  Area.  Except  for  some  pasture  land  in  the  southern  part,  of 
the  watershed,  the  area  tributary  to  the  lake  is  for  the  most  part,  in  a  na’ive 
state  covered  with  timber.  The  watershed  above  the  dam  amounts  to 
approximately  93  acres.  The  watershed  area  is  outlined  on  Plate  2. 

b.  Discharge  at  Damsite. 

1.  Estimated  known  maximum  flood  at  damsite  ...  10  cfs*  (W.5.  Elev.  475.3) 

2.  Spillway  capacity 

a.  Principal  ...  106  cfs  (W.S.  Elev.  476.8) 

b.  Principal  +  emergency  ...  403  cfs  (W.S.  Elev.  478.8) 

c.  Elevation  (Ft.  above  MSL).  The  following  elevations  were  determined 
by  survey  and  are  based  on  topographic  data  shown  on  the  1954  U.S.G.S. 

Herculaneum,  Missouri,  Quadrangle  Map,  7.5  Minute  Series,  photorevised  1968 
and  1974. 

1.  Observed  pool  ...  474.6 

2.  Normal  pool  ...  475.0 

3.  Spillway  crest 

a.  Principal  ...  475.0 

b.  Emergency  ...  476.8 

4.  Maximum  experienced  pool  ...  475.5* 

5.  Top  of  dam  ...  479.8  (Min.) 

6.  Effective  top  of  dam  .  .  .  478.8** 

*Based  on  an  estimate  of  lake  level  as  observed  by  Mr.  James  E.  LaPlant,  Camp 

Ranger. 

••Elevation  at  which  lake  outflow  within  emergency  spillway  exceeds  permissible 
velocity . 
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7.  Streambed  at  centerline  of  dam  ...  454-v  (Est.) 

8.  Maximum  tailwater  ...  Unknown 

9.  Observed  tailwater  ...  None 

d.  Reservoir. 


1.  Length  at  normal  pool  (Eiev.  475.0)  ...  1,050  ft. 

2.  Length  of  pool  at  top  of  dam  (Elev.  479.8)  ...  1,200  ft. 

e.  Storage. 

1.  Normal  pool  ...  45  ae.  ft. 

2.  Top  of  dam  (incremental)  ...  57  ac.  ft. 

f .  Reservoir  Surface. 

1 .  Normal  pool  ...  7  acres 

2.  Top  of  dam  (incremental)  ...  2  acres 

g.  Dam.  The  height  of  the  dam  is  defined  to  be  the  overall  vertical 
distance  from  the  lowest  point  of  foundation  surface  at  the  downstream  toe  of 
the  barrier,  to  the  top  of  the  dam. 

1 .  Type  . . .  Earthfill 

2.  Length  ...  473  ft. 

3.  Height  ...  27  ft. 

4.  Top  width  ...  12  ft. 

5.  Side  slopes 

a.  Upstream  ...  Iv  on  1.5h  (above  waterline,  eroded) 

b.  Downstream  ...  Iv  on  2.2h  to  lv  on  2.9h 

6.  Cutoff  ...  Core  trench* 

7.  Slope  protection 

a.  Upstream  ...  Grass 

b.  Downstream  ...  Grass 

*Per  construction  drawings  by  Reitz  \  dens,  Consulting  Engineers,  May  19,  1979. 
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h.  Principal  Spillway. 


1. 

Type  ... 

Uncontrolled,  drop  ini**!  ,  4-i 

'fic  square  concrete 

r  i  se  r 

2. 

Loca  t ion 

...  Right  end  o''  dan 

3. 

Top  ... 

Elevation  47‘>.h 

4. 

Bottom  . 

..  Elevation  hi,’..  1 

5. 

Out  let  . 

..  48-inrh  diagnotor  'nrni'i ate-.* 

1  rv’t.al  pipp,  l°nqth 

47  feet 

i .  Emergency  Sn  i  1  Iway . 

1.  Type  ...  Uncontrol led,  excavated  earth,  trapezoidal  section 

2.  Location  ...  Left  abutment 

3.  Crest  ...  Elevation  47A.8 

4.  Approach  channel  ...  Lake 

5.  Outlet  channel  ...  V-seetion  earth 

j .  Lake  Drawdown  Eac i ]_i  ty  (Pil'd  i  al } . 

1.  Type  ...  6- Inch  mst-irnn  pipe* 

2.  Control  ...  f  ;<  •  *  valve 

3.  Location  ...  hrnn  inlet 

4.  Discharge  ...  novation  467. n* 


»Per  construction  drawing*,  hy  Reitz*  A  .Tens,  Consulting  Engineers,  May  19,  1969. 
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SECTION  ?  -  ENGINEERING  DATA 


2.1  DESIGN 

As  previously  stated,  the  original  dam,  a  structure  approximately  17  feet 
high  impounding  a  lake  of  about  3  acres,  was  raised  approximately  10  feet  in 
1969.  No  design  information  relative  to  the  original  dam,  which  was 
constructed  sometime  around  1935  by  Henry  Schlueter  (deceased),  a  local 
farmer,  is  known  to  exist.  Plans  for  raising  the  dam,  reference  Plates  6,  7 
and  8,  are  included  herein.  With  the  exception  of  the  data  shown  on  the  plans 
and  some  information  obtained  from  one  of  the  designers,  Fred  E.  Palmerton, 
formerly  with  Reitz  &  Jens  and  now  employed  by  Anderson  Engineering,  Inc.  of 
Springfield,  Missouri,  no  record  of  the  design  work  is  known  to  exist. 
According  to  Reitz  &  Jens,  with  the  exception  of  these  drawings,  the  file 
containing  all  correspondence,  specifications,  calculations,  and  other  records 
was  recently  disposed  of  during  relocation  of  their  office. 

According  to  John  J.  Bailey,  Vice  President,  Reitz  b  Jens,  a  design  for 
improving  the  dam  was  prepared  by  Soil  Conservation  Service  (SC3)  and,  at  the 
request  of  the  Girl  Scouts,  Reitz  b  Jens,  was  invited  to  review  the  SCS 
design.  Investigations  by  Mr.  Palmerton  indicated  that  a  larger  principal 
spillway  than  that  recommended  by  SCS  would  require  less  frequent  use  of  the 
emergency  spillway  outlet.  The  Girl  Scouts  accepted  the  Reitz  b  Jens  design 
changes  and  the  necessary  construction  plans  for  implementing  the  design  were 
prepared.  According  to  Mr.  Bailey,  the  information  shown  on  Sheet  1  of  the 
plans  was  in  part  done  by  SCS,  with  all  the  detail  shown  with  lower  case 
lettering  by  SCS,  and  the  detail  shown  with  upper  case  lettering  by  Reitz  b 
Jens.  Since  the  embankment  and  the  emergency  spillway  section  is  done  in 
lower  case  lettering,  it  is  presumed  to  have  been  specified  by  SCS.  According 
to  Richard  E.  McMillen,  SCS  District  Conservationist,  St.  Louis  County 
(Jefferson  County  does  not  have  an  SCS  office,  and  the  work  done  there  is 
handled  by  the  St.  Louis  County  office),  there  are  no  records  of  this  design 
in  their  files. 

Mr.  Palmerton  reported  that  the  100-year  frequency  flood  was  the  basis  of 
the  Reitz  b  Jens'  design  for  the  principal  spillway,  and  that  1.5  nr  2.0  feet 
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of  freeboard  was  provided  between  the  100-year  design  lake  level  and  the  crest 
of  the  emergency  spillway.  However,  Mr.  Palmerton  could  not  recall  the 
criteria  used  for  determining  nr  checking  the  proportions  of  the  emergency 
spillway  or  the  top  of  dam  elevation.  Mr.  Palmerton  indicated  that  he  is  of 
the  opinion  that,  with  the  exception  of  revising  the  principal  spillway,  the 
remainder  of  the  design,  including  the  embankment  requirements,  was  designated 
by  SCS. 

2.2  CONSTRUCTION 

As  previously  indicated,  the  original  dam  was  constructed  about  1935  by 
Henry  Schlueter,  a  local  farmer.  According  to  Ms.  Amanda  Schlueter,  her 
father  hand  excavated  a  seepage  cutoff  trench  approximately  18  inches  wide  to 
rock  along  the  longitudinal  axis  of  the  dam  and  then  filled  the  section  with 
concrete.  Ms.  Schlueter  also  .indicated  that  the  embankment  material  used  in 
the  dam  was  placed  using  a  mule  drawn  scraper.  In  1969,  in  accordance  with 
the  details  shown  on  the  plans  prepared  by  Reitz  &  Jens,  the  dam  was  raised 
approximately  10  feet.  The  contractor  that  performed  the  work  indicated  on 
the  plans  could  not  be  determined.  According  to  Mr.  Palmerton,  to  the  best  of 
his  knowledge,  inspection  of  construction  activities  were  handled  by  SCS. 

2.3  OPERATION 

The  lake  level  is  uncontrolled  and  governed  by  the  elevation  of  the  top  of 
the  drop  inlet  type  spillway  as  well  ns  the  crest  of  the  emergency  spillway. 

No  indication  was  found  during  the  inspection  that  the  dam  has  been 
overtopped.  James  LaPlant,  Ranger  and  camp  caretaker,  reported  that  the  dam 
has  never  been  overtopped,  and  that  the  highest  observed  lake  level  was  only 
about  0.3  foot  above  the  drop  inlet. 

Mr.  McMillen,  SCS  District  Conservationist,  recalled  inspecting  the  dam 
several  years  ago,  and  that  the  only  problem  he  observed  at  that  time  was  the 
rather  extensive  erosion  damage  nf  the  upstream  face  of  the  embankment. 


2.4  EVALUATION 


a.  Avai lability .  Seepage  and  stability  analysis  tor  assessing  the 
design  of  the  dam  were  unavailable.  Recorded  data  available  is  limited  to 
information  shown  on  the  construction  plans  prepared  by  Reitz  h  Jens,  Inc.,  in 
1969. 

b.  Adequacy .  Seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  "Recommended  Guidelines  for  Safety  Inspection  of  Darns" 
were  not  available,  which  is  considered  a  deficiency.  These  seepage  and 
stability  analyses  should  be  performed  for  appropriate  loading  conditions 
(including  earthquake  loads)  and  made  a  matter  of  record.  The  information 
shown  on  the  logs  of  the  test  borings  may  have  to  be  supplemented  by 
additional  borings  to  obtain  undisturbed  samples  of  foundation  materials  for 
determination  of  necessary  shear  strengths  to  be  utilized  in  the  stability 
analyses. 

According  to  hydrologic/hydraulic  investigations  performed  under  the 
direction  of  the  inspection  team,  the  spillways  are  capable  of  passing  lake 
outflow  corresponding  to  about  60  percent  of  the  probable  maximum  flood 
inflow.  Since  spillway  capacity  exceeds  the  recommended  spillway  design 
flood,  i.e.  one-half  the  probable  maximum  flood,  no  further  hydrologic/ 
hydraulic  investigations  are  considered  necessary. 
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SECTION 


VI  SI  I  A!  INSPECTION 


3.1  FINDINGS 

a.  General .  A  visual  inspection  of  the  At  woo.)  Lake  Dam  was  made  hv 
Horner  &  Shifrin  engineering  personnel,  R.  F.  SnukhnH',  Civil  Engineer, 

H.  B.  Lockett,  Hydrologist,  and  A.  R.  Benkf'r,  lr.,  Civil  and  Soils  Fng:neor, 
on  8  October  1980.  An  examination  of  the  dam  area  was  also  made  by  an 
engineering  geologist,  Gerry  D.  Higgins,  Ph.P. ,  a  consultant  retained  hy 
Horner  &  Shifrin  for  the  purpose  of  assessing  the  si'e  geology.  Also  examined 
at  the  time  of  the  inspection  were  the  areas  and  features  below  the  dam  within 
the  potential  flood  damage  zone.  Photographs  of  the  dam  taken  at  the  time  of 
the  inspection  are  included  on  pages  A-l  through  A -A  of  Appendix  A.  The 
locations  of  the  photographs  taken  during  the  inspection  are  indicated  on 
Plate  3. 


b.  Site  Geology.  Atwood  Lake  is  located  in  a  steep-walled  valley  on  the 
north  side  of  Sand  Ridge,  and  is  a  tributary  to  Sandy  Creek.  The  topography 
around  the  lake  site  is  moderately  rugged  with  low  cliffs  forming  some  valley 
walls.  Relief  between  the  valley  floor  and  surrounding  drainage  divides 
ranges  up  to  a  maximum  of  approximately  ?R0  feet.  The  area  is  included  within 
the  northeastern  part  of  the  Ozark  Plateaus  Phy  sing  rap  be  Province,  arid  the 
regional  dip  of  the  bedrock  is  to  the  northeast. 

The  bedrock  at  the  site  consists  of  Ordovician-age  sandstones  and 
dolomites  of  the  St.  Peter  and  Joachim  formations.  The  lake  is  located  on  the 
St.  Peter  sandstone  with  the  Joachim  dolomite  exposed  approximately  ?r>  feet 
above  the  crest  of  the  dam.  The  St.  Peter  formation  is  exposed  in  a  steep 
bluff  which  forms  the  south  shore  of  the  lake.  No  faulting  was  observed  in 
the  immediate  vicinity  of  the  lake. 

The  St.  Peter  formation  is  a  white,  fine-  to  medium-grained,  pure  quartz 
sandstone.  It  generally  is  massively  bedded  and,  a1 though  loosely  cemented, 
exposed  rock  surfaces  usually  are  ease-hardened  by  weathering  processes.  The 
sandstones  are  permeable  and  will  transmit  water  readily.  Reservoir  leakage 
is  a  common  problem  if  a  sufficient,  soil  cover  is  not  left,  nn  the  reservoir 
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floor.  The  Joachim  formation  i s  composed  primarily  of  a  yellowish-brown, 
argillaceous  dolomite.  Interbedded  limestone  and  shale  are  present  in  the 
lower  part  of  the  formation.  The  dolomites  are  extensively  jointed  and  have 
undergone  considerable  solution  weathering,  causing  the  permeability  of  the 
bedrock  to  be  high.  Sinkholes,  caves,  and  springs  are  common  in  this 
formation,  although  none  were  observed  at  the  lake  site. 

The  soils  at  the  site  are  nf  two  types.  Slopes  above  the  reservoir  are 
covered  with  a  thin,  stony  residual  soil  (n_,  Uni fn-d  So;l  Classi f 'eat ion 
System)  derived  from  weathering  of  the  dolomite  bedrock.  The  soi!  around  the 
shoreline  consists  of  a  mixture  of  sandy  residuum  f-om  the  St.  Peter  sandstone 
and  colluvium  from  the  upper  slopes.  The  resu’Mng  soi1  is  a  sandy,  stony 
clay  (ML-CL  range).  The  lake  is  located  on  pemeahlo  (>•-  track;  however, 
leakage  reportedly  is  not  a  problem.  The  sol'-,  do  not  appear  la  he  permeable 
and  are  of  sufficient  thickness  to  retard  nv  iv  ••.:»*>  s  i  of  water  to  h  a  I  rock. 
However,  these  soils  are  susceptible  to  erosion. 

The  most  significant  geologic  conditions  -,!  the  site  are  the  permeable 
bedrock  forming  the  valley  floor  and  the  credibility  of  the  soils.  The  soil 
deposits  appear  to  be  sufficiently  thick  enough  to  prohibit  excessive  water 
loss  from  the  lake.  No  other  geologic  conditions  were  observed  that  would 
adversely  affect  the  performance  nr  stability  if  the  dam  embankment. 

c.  Dam.  The  visible  portions  of  the  upstream  and  downstream  faces  as 
well  as  the  dam  crest  (see  Photo  1,  °  and  T)  were  examined  and  found  to  be  in 
sound  condition,  although  erosion  that  appeared  to  he  due  tn  wave  action 
and/or  fluctuations  of  the  lake  level  had  created  a  steep,  and  in  some  peaces 
a  near  vertical  bank  about  TO  inches  high  along  almost  the  entire  unprotected 
(no  riprap)  upstream  face  of  the  dam.  Sloughing  of  the  slope  extending  from 
the  waterline  to  the  dam  crest  (see  Photo  in)  was  observed  in  the  vicinity  nf 
station  0+10+.  Some  minor  surface  cracking,  about  s  inches  deep  and  up  tn  6 
inches  in  length,  was  also  noticed  along  I  he  upsl  r*'am  lace  car  the  top  of  the 
slope.  Patches  of  dense  undergrowth  and  several  small  trees  ( see  Photo  1 H 
were  found  throughout  the  entire  downstream  face  nf  the  dam,  and  although  it 
was  later  reported  by  Mr.  LaPlnnt ,  Damp  Ranger,  tin!  several  groundhog  dens 
existed  in  the  downstream  shin  nf  the  dam,  no  animal  bu ’■  rows  were  found  during 
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the  inspection.  It  is  very  likely  that  the  d^nse  ' mrlerrsrowth  on  the 
downstream  face  of  the  dam  preventm?  notice  if  these  burrows.  No  undue 
settlement  of  the  dam  crest,  sloughing  of  the  i towns t  ream  ■•.tone,  or  erosion  of 
the  embankment  at  the  abutments  was  rioted.  'w  stan  jina  water  was  not  ire  j 
within  the  original  stream  channel  just:  -lowi-st  ;  ••am  n*  the  pr  i :  ,ci ;  >a '  : ) :  ’  1  w  n  v 

outlet;  however,  it  could  no  t.  he  deform  in-  i  i  *  t  r  •  :  1  w  ,vr;.  s so-  ft"  the 

lake  or  ground  water  exiting  the  hillside  of  the  r:eht  abut merit  ;  in  a:.v 
event,  the  quantity  was  minor  and  not  eonsnier-'d  'o  he  o'  igni  f'cane-*.  T‘v 
grass  on  the  dam  crest,  a  combination  of  rl over  an  I  fescue,  ha  t  i-.'.cr*: a*  !  7  >-en 
mowed;  elsewhere,  the  grass,  a  combination  of  lospede/a,  native  <t  .nd 

weeds,  was  on  the  order  of  5  feet  high.  I  \amin at ;nn  of  a  sni 1  sample  opt  ,’ned 
from  the  downstream  side  of  the  embankment  near  the  renter  of  the  dam, 
indicated  the  surficial  material  nf  the  dam  to  he  a.  redd  i  sh-hrnwn  lean  ri  vy 
(CL)  of  medium  plasticity. 

The  drop  inlet  spillway  structure  (see  Photo  4)  was  examined  and  found  to 
be  in  satisfactory  condition.  No  cracking  or  significant:  deterioration  of  the 
concrete  structure  was  noticed.  Except  for  a  light  coating  of  rust,  on  th» 
surface,  the  steel  reinforcing  bar  type  trash  rant;  on  the  top  of  the  inlet, 
appeared  to  be  in  reasonably  good  condition.  As  far  as  could  be  determined, 
the  lake  drawdown  pipe  cast-iron  gate  valve  (see  Photo  Q)  also  appeared  to  be 
in  satisfactory  condition,  although  it.  was  not  operated  to  check  its 
capability.  The  4 8- inch  corrugated  m-’tal  pipe  that  serves  as  an  nutlet  f;.v 
the  drop  inlet,  including  the  concrete  boadwa!  !  it  nirt.ure  at  the  downstream 
end  of  the  pipe  (see  Photo  L>1  ,  was  inspf.cled  and  no  significant  defects  were 
noticed,  although  some  drainage  was  I  r apprd  widiin  the  pipe.  Accord  in  i  t.u 
survey  data  obtained  during  the  inspection,  the  a1'  inn  of  the  chanoo'  just 
downstream  of  the  pipe  was  about  H.n  foot  higher  than  t  >>  enu  of  liie  pipe 
which  would  account  for  the  standing  water  within  the  pipe.  A;  fat  as  could 
be  determined,  the  bituminous  coat  ing  nn  the  interior  of  the  pipe  appeared  t.o 
be  intact.  The  outlet  channel  just  downstream  of  the  pipe  (see  Photo  o)  was 
inspected  and  found  to  he  in  good  condition  with  no  indication  of  significant 
erosion  of  the  earth  and  sandstone  invert.. 

The  emergency  spillway  (see  Photo  7)  and  outlet  channel  (see  Photo  81  were 
Inspected  and  found  to  be  in  satisfactory  condition,  although  erosion  had 
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created  a  gulley  approximately  ■?  feet:  wide  and  '*'  feet  deep  within  the  channel 
beginning  at  a  point  about  75  feet  downstream  of  the  spillway  crest.  Since  it 
was  reported  that  the  lake  has  not  overflowed  the  nun- jenny  spillway  crest, 
the  erosion  was  apparently  due  to  overland  drainage,  fogs  had  been  placed  in 
the  gulley  (see  Photo  12)  in  order  to  prevent  further  erosion.  It  did  not 
appear  that  the  eroded  area  was  near  enough  to  the  dam  at  this  time  to  affect 
the  stability  of  the  slope. 

d.  Appurtenant  Structures.  No  appurtenant  structures  were  observed  at 
this  dam  site. 

e.  Downstream  Channel.  Except  for  the  culvert:  crossing  at  Sandy  Road, 
the  channel  downstream  of  the  riam  within  the  potential  flood  damage  .rone  is 
unimproved.  The  channel  section  is  irregular  and  for  the  most  part,  lined 
with  trees.  A  small  nearly  dried  up  lake,  Cedar  take  as  ident If ieo  on  the 
Watershed  Map,  Plate  2,  lies  along  the  course  of  the  channel  ipproxiim*  ely 
2,000  feet  downstream  of  the  dam.  The  stream  joins  fonuv  Peek  she  it;  one  mile 
downstream  of  the  impoundment. 

f.  Reservoi  r .  Except  for  a  narrow,  gr.r.s-cuvr-'d  area  on  the  :,.r  1  '•  die 

of  the  lake  where  a  roadway  that  serves  to  aeeesr,  I  !v  ’eke  and  dam  is  located, 
the  hillsides  contingent  to  the  reservoir  ar-'  covered  with  trees.  No 
significant  erosion  of  the  lake  hanks  was  observed.  At:  the  ►  |me  of  the 
inspection,  the  lake  was  about  O.A  foot:  below  normal  pool  level  and  the  water 
within  the  reservoir  was  clear.  The  amount  of  sediment  within  the  lake  could 

not  be  determined  at  the  time  of  the  inspection;  however,  duo  t.o  the 

vegetation  covering  the  surrounding  area  and  the  fact  that  the  general  area 

adjacent  to  the  lake  appeared  to  be  well  maintained,  it  is  not  expected  to  be 

signi ficant . 

3.2  EVALUATION 

The  deficiencies  observed  during  the  inspect  ion  and  noted  herein  are  not 
considered  significant  to  warrant  immediate  remedial  action.  However,  if  is 
recommended  that,  as  soon  as  practical,  the  eroded  areas  of  the  upstream  face 
of  the  dam  be  restored  and  some  durable  form  of  protection  he  provid'd  in 
order  to  prevent  future  erosion. 


SECTION  -'I  -  OPERA T IONA!  PROF'DURFS 


A . 1  PROCEDURES 


The  spillways  are  uncontrolled.  The  lake  surface  level  is  governed  bv 
precipitation  runoff,  evaporation,  seepage,  and  the  capacities  of  the 
uncontrolled  spillways. 

A. 2  MAINTENANCE  OP  0AM 


According  to  James  E.  LaPiant,  Ranger  and  camp  caretaker,  the  dam  receives 
some  maintenance,  such  as  periodic  cutting  of  the  grass  on  the  dam  crest 
through  the  growing  season  and  the  removal ,  about  3  years  ago,  of  the  larger 
trees  from  the  downstream  face  of  the  dam.  Mr.  LaPiant.  also  reported,  that 
groundhog  holes  exist  in  the  downstream  face  of  the  dam  and  that  several 
holes,  believed  to  be  muskrat  burrows,  have  been  observed  along  the  upstream 
face  of  the  dam.  According  to  Mr.  LaPiant,  the  dam  has  been  experiencing 
erosion  problems  along  the  upstream  face  of  the  embankment  for  a  number  of 
years,  and  the  eroded  area  within  the  emergency  spillway  outlet  channel 
occurred  from  stormwater  runoff. 

A. 3  MAINTENANCE  OF  OUTLET  OPERA  UNO  PACILT I IES 

With  the  exception  of  the  vi’.ve  on  the  lak.*  drawdown  pipe,  no  outlet 
facilities  requiring  operation  exist,  a*  this  :.m. 

A. A  DESCRIPTION  OF  ANY  WARN  I.  NO  SYSTEM  IN  EFFECT 

The  inspection  did  no!  revo.il  i  he  1  .< s  .ti-nr°  ot  a  dam  fai  lure  warning 
system. 

A. 5  EVALUATION 


It  is  recommended  that  maintenance  nf  the  dam  l’sn  include  periodic 
cutting  of  grass  on  the  downed  ream  face  of  the  dam,  restoration  of  the  elan 
along  the  upstream  face,  and  provision  of  a  suitable  form  of  protection  (not 
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grass)  along  the  upstream  slope  in  order  to  prevent  erosion  by  wave  action  or 
by  fluctuations  of  the  lake  level.  Steps  should  he  taken  to  rid  the  dam  of 
burrowing  animals  as  well  as  the  dense  undergrowth  that  conceals  their 
burrows.  Provision  should  also  be  taken  to  restore  the  eroded  areas  of  the 
emergency  spillway  outlet  channel  and  to  provide  some  durable  form  of 
protection  to  prevent  future  erosion  of  the  channel  by  spillway  flows  or 
overland  drainage.  Trees  on  the  dam  should  be  removed  since  tree  roots,  as 
well  as  animal  burrows,  can  provide  passageways  for  lake  seepage  that  can  lead 
to  a  piping  condition  and  failure  of  the  dam.  It  is  also  rornimitondr*!  1  that  a 
detailed  inspection  of  the  dam  he  instituted  nn  a  regular  basis  by  an  engineer 
experienced  in  the  design  and  construction  of  dams  and  that  records  be  kept  of 
all  inspections  made  and  remedial  measures  taken. 

i 
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5.1  EVALUATION  OF  Ft  A II INFS 

a.  Design  Fata.  Design  Oat.)  nr-'  not.  uvai  iah! 

b.  Experience  Data.  The  drainage  area  and  lake  surface  area  were 
developed  from  the  1954  USGS  Herculaneum,  Missouri,  Quadrangle  Map 

(photo re vised  1963  and  1974).  The  proportion1,  and  dimensions  of  the  spillways 
and  dam  were  developed  from  surveys  made  during  the  inspection.  Records  of 
rainfall,  streamflow  or  flood  data  for  the  waster-shed  are  not  available. 

Due  to  the  fact  that  the  watershed  for  this  reservoir  is  small  and  since 
there  is  no  history  of  excessive  reservoir  leakage  that  would  adversely  affect 
the  norma]  operating  level  of  the  lake,  the  lake  level  was  assumed  to  he  at 
normal  pool  as  a  result  of  antecedent  storms  prior  to  occurrence  of  the  PMF 
and  the  probabilistic  storm. 

According  to  the  St.  Louis  District,  Corps  of  Engineers,  the  estimated 
flood  damage  zone,  should  failure  of  the  dam  occur,  extends  one  mile 
downstream  of  the  dam. 

c .  Visual  Observ a t i ons . 

1.  Ttie  principal  spillway,  a  48-inch  square  reinforced  concrete 
drop  inlet  with  a  concrete  hackwall,  is  located  nea-  the  right,  or  south, 
abutment  of  the  dam.  The  drop  inlet  is  about  3.9  feet  deep.  A  reinforcing 
bar  grating  with  a  six-inch  mesh  over  the  top  of  the  inlet  serves  as  a  trash 
screen.  (Due  to  the  fact  that  the  camp  property,  including  the  dam,  is 
maintained  by  a  full  time  caretaker  that  resides  on  the  premises,  and  since 
there  is  no  history  of  clogging  of  the  trash  screen,  no  allowance  in  capacity 
for  blockage  of  the  principal  spillway  by  lake  carried  debris  was  made.) 

2.  A  48-inch  corrugated  metal  pipe  extends  from  the  drop  inlet  to  a 
concrete  headwall  about  31  feet  downstream  of  the  centerline  of  the  flam.  The 
outlet  channel  extends  about  63  feet  beyond  the  headwall  and  terminates  in  an 
abrupt  drop. 
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3.  The  emergency  spillway,  an  excavated  earth,  broad-crested 
trapezoidal  section,  is  located  in  the  hillside  of  the  left,  or  north, 
abutment.  This  spillway  has  a  vegetative  type  nt  cover. 

4.  The  emergency  spillway  outlet  nhau.el ,  a  shallow  V-sect ion , 
extends  southwardly  adjacent  to  the  downstream  too  nt  tire  dam  and  joins  the 
original  stream  channel  about  40  feet  downstream  of  dam. 

d.  Overtopping  Potent  ial  .  The  spi  llway  ;  •'nrineip  d  plus  emenjt ‘ivy 5  an* 
inadequate  to  pass  the  probable  max  inn  of  f  1 » « »•  j  w<i  Im  it  ovr  tupping  the  dam. 

The  spillways  are  considered  incapable  of  passing  one-half  the  probable 
maximum  flood  wit  hough  significant  degradation  -it  1  be  emergency  sp!  Iway  err’d, 
by  lake  outflow.  The  spillways  are  adequate,  however,  to  pass  the  1  percent 
chance  (100-year  frequency)  flood  without  overtopping  the  dam.  The  results  of 
the  dam  overtopping  analysis  are  as  follows: 

(Note:  The  data  appearing  in  the  following  table  has  been  extracted  from  the 
commuter  output  data  appearing  in  Appendix  h.  decimal  values  have  been 
rounded  to  the  nearest  one-tenth  in  order  to  prevent  assumption  of  unwarranted 
accuracy . ) 
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effective  top  of  dam 
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With  the  lake 

level  at  elevation 

478.8,  the 

peak  velocity  of  lake 

nu  t  f 1 ow 

within  the  emergency  spillway  is  f,.0  feet  per  second,  and  the  assumed 
permissible  (non-erosive)  velocity  of  3.0  feet  per  second  is  exceeded  for 
approximately  0.9  hour,  which  is  considered  accept  able.  The  maximum  flow 


safely  passing  the  spillway  just  prior  to  Uv>  ■  'ike  level  reaching  the 
effective  top  of  dam  elevation,  was  » l»  *  t  •  •  r*n  !«»•*•}  In  he  approx  jrnal  "1  y  AM'  cfs, 
which  is  the  routed  outflow  correspmuli  ng  t.o  a!  mi  it  id  percent  of  the  probable 
maximum  flood  inflow. 

e.  Evaluation.  Experience  w.th  embankment  ;  con:..! meted  of  si  mi  ’nr 
material  (a  lean  clay  of  medium  plasticity)  to  that  used  to  construct  this  dam 
have  shown  evidence  that  the  material,  ur.-'er  certain  conditions  such  as  high 
velocity  flow,  can  be  very  erodihle.  Such  a  condition  exists  during  the  IMF 
when  large  lake  outflow,  accompanied  lay  high  flow  velocities,  occurs,  for  the 
PMF  condition,  both  the  effective  top  of  dam  (elevation  478  8)  and  the  actual 
top  of  dam  (elevation  479.8)  were  found  to  he  overtopped,  for  the  one-half 
PMF  condition,  only  the  effective  top  of  dam  was  found  to  tie  exceeded.  Damage 
by  erosion  of  the  dam  and/or  emergency  spillway  is  expected  during  occurrence 
of  the  one-half  PMF  and  PMF  events.  The  extent  of  these  damages  is  not 
predictable  within  the  scope  of  these  investigations;  however,  ther*  is  a 
possibility,  particularly  during  the  PMF,  that;  they  could  result;  in  failure  by 
erosion  of  the  dam. 

f.  Reference.  Procedures  and  data  for  determining  *  he  probable  maximum 
flood,  the  100-year  frequency  flood,  and  !n<5  <1  i s< ?h. i m- •  rdbig  uurv  •  for  flow 
passing  the  spillways  and  dan  crest  an?  presented  on  p  •.ms  P-!  through  d-  •  if 
the  Appendix.  Listings  of  the  m.T-1  ( Dam  Sd>dy  Vernon)  input  data  for  both 
the  probable  maximum  flood  and  the  ! 00~yen r  fr-'queney  flood  are  shown  un  pages 
B-4  through  B-6.  Computer  output  data,  including  unit  hydruqrnph  ordinal  es, 
tabulation  of  PMF  rainfall,  Ins-',  and  inflow  data  are  shown  on  pages  d-7 
through  B-10;  tabulation  of  lake  surface  area,  elevation  and  storage  volume 
is  shown  on  page  B-ll  and  tabulations  titled  "Summary  of  Dam  Safety  Analysis" 
for  the  PMF  and  .1  percent  chance  (1  DO-year  frequency)  flood  are  also  shown  on 
page  B-ll . 
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6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations.  Visual  observations  of  conditions  which 
adversely  affect  the  structural  stability  of  the  dam  are  discussed  in  Section 
3,  paragraph  3.1c. 

b.  Design  and  Construction  Oati.  With  the  exception  of  the  test  ho ring 
logs  shown  on  the  construction  plans,  reference  Plate  6,  no  design  nr 
construction  data  relating  to  the  structural  stability  of  the  dam  were 
available.  Seepage  and  stability  analyser,  comparable  to  the  requirements  of 
the  "Recommended  Guidelines  for  Safety  Inspect  ion  of  Pams”  were  not  wai table, 
which  is  considered  a  deficiency .  iiiese  seep; me  and  stability  analyses  should 
be  performed  for  appropriate  load  in  i  conditions  ( including  earthquake  load-0 
and  made  a  matter  of  record. 

c.  Operating  Records.  Except  for  the  valve  on  the  lake  drawdown  pipe, 
no  appurtenant  structures  or  facilities  requiring  operation  exist  it  this 
dam.  According  to  Mr.  James  E.  LaPlant,  Ranger  and  camp  caretaker,  on  records 
of  the  lake  level,  spillway  discharge,  dam  settlement,  or  lake  seepage  are 

kept . 

d.  Post  Construction  Changes.  As  previously  stated,  the  dam  was 
originally  constructed  sometime  about  1936  and  raised  approximately  10  feet,  to 
its  present  height  in  1969.  The  existing  drop  inlet  spillway  anil  emergency 
spillway  were  provided  when  the  dam  was  raised.  According  to  Mr.  LaPlant,  no 
post  construction  changes  have  been  made  or  have  occured  since  1969  which 
would  affect  the  structural  stability  of  the  flam.  A  possible  exception  is  the 
erosion  that  has  occurred  along  the  upstream  face  of  the  dam. 

e.  Sc!  sinir  Stab  i  1  i  ty  .  The  dam  is  located  within  a  /one  II  ♦;<■•! -.mi  r 
probability  area.  An  earthquake  of  The  magnitude  that  might,  occur  in  this 
area  would  not  he  expected  tn  cause  strurlurul  damage  tn  a  w ■  1 1  const  ruelrd 
earthen  dam  of  this  si ze  provided  that  static  stability  conditions  are 
satisfactory  and  conventional  safety  margins  exist .  However,  it.  is 


recommended  that  the  prescribed  seismic  Inndinn  fm  this  /one  be  applied  in 
any  stability  analyses  performed  for  this  dim. 
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7.1  DAM  ASSESSMENT 

a.  Safety.  A  hydraulic  ana  l  y  si  s  i  n  1  i  '  >i  •  ■  1  i!  spi 1 1  wavs  a1--? 
capable  of  passing  lake  outflow  of  about.  W  M's  without  the  level  of  i  he  lake 
exceeding  the  low  point  in  the  top  of'  the  dam.  A  hydrologic  analysis  of  the 
lake  watershed  area,  as  discussed  in  Section  p  mnraph  5.  Id,  indicates  that 
for  storm  runoff  of  one-ha 1 f  probable  maximum  flood  magnitude ,  the  recommended 
spillway  design  flood,  the  lake  outflow  would  he  about  304  cfs,  and  that  for 
the  1  percent  chance  (1 Oh-year  frequency)  flood,  the  lake  outflow  would  he 
aba.it  133  cfs. 

Seepage  and  stability  analyses  of  the  dam  were  not  avail  aide  for  review, 
and  therefore,  no  judgment  could  be  made  with  respect  to  the  structural 
stability  of  the  dam. 

Several  items  were  noticed  during  the  inspection  that  could  adversely 
affect  the  safety  of  the  dam.  These  items  ini  dude  ••rosion  of  the  upstream 
face  of  the  dam,  trees  and  areas  of  dense  undergrowth  on  the  downstream  face 
of  the  embankment  and  erosion  of  the  emergency  spillway  outlet:  channel . 

Animal  burrows  were  not  observed  during  !.>'•'•  insp'.rt  inn,  hut  the!  v  presence  was 
indicated  by  Mt .  LaPlant,  the  camp  caretaker. 

b.  Adequacy  of  Infoi  mal;  ion .  Due  to  lack  of  design  and  n  as  I  rue l inn 
data,  the  assessments  reported  herein  were  based  largely  on  external 
conditions  as  determined  during  the  visual  ins  peel.  inn.  The  assessments  of  the 
hydrology  of  the  watershed  and  capacity  of  t he  spi!1 ways  wore  basal  on  a 
hydrolog  ie/hydraul  i  c  study  as  indicated  in  Section  Seepage  and  stability 
analyses  comparable  to  the  requirements  of  "Recommended  guidelines  for  Safety 
Inspection  of  Dams"  were  not  available,  which  is  considered  a  deficiency. 

c.  Urgency .  The  remedial  measures  recommended  in  paragraph  7. '7  for  the 
items  concerning  the  safety  of  the  dam  noted  in  paragraph  7.1a  should  he 
accomplished  within  1  he  near  future.  Res turn! inn  and  protection  of  the 
upstream  face  of  the  dam  should  he  assigned  a  high  priority. 


d.  Necessity  fur  Phase  11.  Hase-1  on  '  ' i< ■  ••  .  i;:  of  *  he  Phase  i 
inspection,  a  Phase  II  invest i cj. i *  ion  i:.  not  i> 

e.  Seismic  Stability.  I  he  tl.im  i  -  local -si  .vi  thin  a  /or  w  •  11  >eismic 
probability  area.  An  earthquake  of  the  mamilmje  that  might  necur  in  this 
area  would  not  he  expected  to  cause  st. ructura!  dam  hjo  to  a  well  constructed 
earthen  dam  of  this  sire  provided  that  static  stuhi  1 i tv  conditions  are 
satisfactory  and  conventional  safety  man  ins  exi  ,!  .  Muwvr,  it  is 
recommended  that  the  prescribed  seismic  loading  f..ir  this  cene  he  applied  in 
any  stability  analyses  performed  for  this  dam. 

7.2  REMEDIAL  MEASURES 

a.  Recommendations.  The  fn Unwin  act  inn  is  roennsiended : 

(1)  Provide  a  durable  form  of  protect  inn  at  the  emergency  spillway 
in  order  to  prevent  erosion  of  the  spillway  hy  lake  int  flow  resulting  from  a 
storm  of  one-half  probable  maximum  I’lnud  maqn  i  t  ude,  the  recommended  spillway 
design  flood  for  this  dam. 

(2)  Obtain  the  necessary  soil  lata  and  perform  dam  seepage  and 
stability  analyses  in  order  to  determine  the  st.ru. Mura!  stability  of  the  dam 
for  all  operational  conditions.  Seepaae  and  *.;i  ?hi  ’.  ity  analyses  should  he 
performed  by  a  qualified  professional  engineer  exper Vneed  in  the  design  and 
construction  of  earthen  darns. 

b.  Operations  and  Maintenance  (0  a  M)  Procedures.  The  following  0  M 
procedures  are  recommended: 

(1)  Restore  the  eroded  areas  of  the  upstream  face  of  the  darn  and 
provide  sane  form  of  protection,  other  than  grass,  in  order  to  prevent  future 
erosion  of  the  embankment  hy  wav.’  action  or  hy  fluctuations  of  the  lake 
level.  Loss  of  embankment  material  due  to  era-, inn  can  impair  the  st.ructural 
stability  of  the  dam. 


(2)  Remove  the  tree1',  and  the  unde rg row t.h  that  can  conceal  animal 
burrows  from  the  downstream  face  of  the  dam.  Rid  the  dam  of  burrowing  animals 
and  restore  the  dam  at  all  holes  with  compacted  impervious  materia!  (clay). 
Tree  roots  and  animal  burrows  can  provide  passageway';  for  lake  seepage  that 
can  develop  into  a  piping  condition  (progressive  internal  erosion)  which  can 
lead  to  failure  of  the  dam. 

(3)  Restore  the  eroded  area  of  the  emergency  spillway  outlet  channel 
and  provide  some  durable  form  of  protection  t.o  prevent  future  erosion  by  lake 
outflow  and/or  storm  water  runoff.  A! though  not  considered  serious  enough  at 
this  time  to  jeopardize  the  stability  of  the  dam,  it  is  possible  that 
contirued  erosion  of  the  channel  could  affect  the  dam  and  allow  spillway 
releases  and/or  overland  drainage  to  encroach  upon  the  dam,  resulting  in  loss 
of  embankment  material  by  erosion  and  conditions  un favor  idle  to  the  st  ihility 
of  the  dam. 

(A)  Provide  maintenance  of  all  areas  of  the  lam  on  a  regularly 
scheduled  basis  in  order  to  insure  features  of  being  in  s  if  i sfa  :t..iry 
operational  condition. 

(3)  A  detailed  inspection  of  *  he  dam  sh  mid  he  i  lr.ti  tut  ed  on  ,i 
regular  basis  by  an  engineer  experienc’d  in  the  I  >  sign  and  const  met  inn  of 
dams.  It  is  also  recommended,  for  future  ren-c-nee,  tivii  ’-eenris  tc  knot  if 
all  inspections  made  and  remedial  m-'asur-'s  taken. 
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APPENnrx  n 


HYDROLOGIC  AND  HYDRAULIC  ANALYSES 


HYDROl  ill'll'  AMD  HYORAlll  I  !  DM! IIIATIONS 


1.  The  HEC-l  Dim  Safety  Vers’on  (  July  ! ' ' / ,  Modi  fled  26  February  !'<7?) 
program  was  used  to  develop  inflow  and  outflow  hydrographs  and  dam  overtopping 
analyses,  with  hydrologic  inputs  as  follow.: 

a.  Probable  maximum  precipitation  (?0D  sg.  mile,  ?A-hour  value  equals 
25.7  inches)  from  Hydrometeorological  Report  No.  }v>.  the 
precipitation  data  used  in  the  analysis  of  the  1  percent  ( 100-year 
freguency)  flood  was  provided  hy  the  St.  Louis  district,  Corps  of 
Engineers. 

b.  Drainage  area  -  0.1 4r>  square  miles  -  os  acres. 


c.  SCS  parameters: 

s  n.srts 

Time  of  Concentration  (I,.'!  -  r  O.ns?  hours 

'•  II 


Where:  T^  -  Travel  time  of  water  from  hydraulically  most 
distant  point  tn  point  of  interest,  hours 
L  =  Length  of  longest  watercourse  0.  31'?  miles 
H  =  Elevation  difference  -  IRQ  feet. 


The  time  of  concentration  ( T  )  was  obtained  using  Method  C  as 
described  in  figure  i*0,  "Design  of  Small  Dams",  hy  the  Uni  fed  States 
Department  of  the  Interior,  Rurean  of  Reclame1' inn,  and  was  verified 
using  average  channel  velocity  estimates  and  watercourse  lengths. 


Lag  time  -  n.nss  hours  (n.60  lei 

Hydrologic  Soil  Group  -  IDfir  D  (Uascnrvui**  S'1’  b-s,  0.6  wooded,  c./i 

meadow  per  Mi  ss  mi  i  flener  ll  Soil  Man  and 
field  invest  ioat  ion') 

Soil  type  CN  ---  7R  CAMC  IT,  tm-yr  flood) 

-  op  ( AMP  III,  PME  rondl  I  intil 


I 


2.  Spillway  releases  for  the  drop  inlet  spillway  were  computed  utiliz-ng 
equations  and  nomographs  presented  in  "[V-sign  of  Sin  a  1 1  [Jams"  hy  the  U.  8. 
Department  of  the  Interior  (USD I)  for  drop  inlet  type  spillways.  Flow  has 
access  to  three  sides  of  the  4 8- inch  square  drop  inlet;  the  fourth  side 
consists  of  a  backwall  adjacent  tn  the  upstream  fane  of  the  dam.  The  spillway 
crest  length  was  converted  to  an  equivalent  circular  length  and  corresponding 
radius  for  entry  into  the  flow  nomograph  parameter.  The  rise  of  the  nappe 
above  the  elevation  of  the  crest  lip  was  considered  negligible.  The  following 
equation  was  used  for  crest  control : 

0  =  C  ( ?  If  R  1  H?/? 

O  '  S  0 

where  "Co  is  a  coefficient  obtained  from  Figure  28;-  of  the  above  reference, 
expressed  in  terms  of  H  /Rc ,  "Rc>"  is  the  eaui valent  radius  nf  the 
spillway  crest,  1.91  feet,  and  "H  "  is  the  depth  of  flow  over  the  crest. 

When  the  ratio  H  /R  reached  a  v  due  nf  1  /'in,  hiflow  was  determined  hv 
o  s 

assuming  flow  was  over  a  sharp  edge  suhm--”'o.-d  ■  r  >  fh  The  fo  11  owing  eeu-r  :on 

D  ,:> 

was  used:  Q  -  Ca  (?gh)  ’  ,  where  "  is  a  -u  M  n‘  nsv in. -d  !-i  he  n.  7, 

"a"  is  the  area  of  the  orif’C",  16. u  :f,  is  the  height  of  Hnw  nhove  tne 
orifice,  and  "g"  is  acrelernt  inn  du>-  ‘  o  g-  rvi  tv .  hff'"i"nce  "Handbook  v 
Hydraulics",  Fifth  edition,  by  Finn  r<  hrat-r,  peg'- 

Flow  through  the  48- inch  diameter  outlet  pipe  was  determined  using 
Bernoulli's  equation  for  pressure  flow  in  pipes,  losses,  including  entrance, 
turn,  pipe  and  exit  losses  totaled  7.09  velocity  heads.  Reference  "Handbook 
of  Hydraulics",  Fifth  edition,  hy  king  a  Brat.'-;*',  pages  8-5  and  8-6. 

Discharge  quantities,  determined  hy  ttie  methods  inscribed  herein,  wet-- 
plotted  versus  corresponding  lake  water  surface  elevations  tn  determine  the 
discharge  rating  curve  for  the  drop  inlet  spillway. 

5.  The  emergency  spillway  sect  eon  consists  nf  .a  hrnad-ere-.'ed, 
trapezoidal  section  for  which  conve-it  iom'  wei:  formulas  -In  nut  in( >  1  / . 

bpillway  release  ra*"s  were  lete-mined  a,  fnll-iw.: 


a.  Spillway  crest,  sort  ion  proportion  (an*. is,  "a",  mil  top  width,  "t  " 
were  computed  for  various  depths,  "d". 

h.  It  was  assumed  that  flow  ov»-  t  >  •  '.niHw.iy  ' :  r  •  •  • ,  t:  would  *  .rx-i  j  <  .it 
critical  depth.  Flow  at  critical  depth  was  computed  as 

-3,  0.r> 

Qc  =  for  the  various  depths,  "d".  Corresponding 

velocities  (v  11  ami  velocity  heads  (H  1  were  determined 
c  vc 

using  conventional  formulas.*  Reference,  "Handbook  of 
Hydraulics",  Fifth  Petition,  hy  King  \  Brater,  page  8-7. 

c.  Static  lake  levels  corresponding  tn  the  various  values  passing 
the  spillway  were  computed  as  critical  depths  plus  critical 
velocity  heads  ) ,  and  the  relationship  between  lake 

level  and  spillway  discharge  was  thus  obtained.  The  procedure 
neglects  the  minor  insignificant,  friction  losses  across  the 
length  of  the  spillway. 

i.  The  discharger,  for  the  principal  and  ow •  rgnney  spillways  for 
equal  elevations  were  ruminated  for  entry  on  t  o-->  Y'i  uvl  Y'»  cards. 

a.  The  profile  of  1  no  r  im  c""si  >  •.  ;  ;o:  ir  and  flow  ov1”  too  d  o> 

cannot  be  determined  hy  nnpl  in  i',  ion  of  emyc'1  ;on->|  w-><  r  formulas.  '  "d 
length  and  elevation  data  for  the  d.m  oi  •>-.*  pene;  wor-'  en'vjVd  into  !'v- 
HEC-1  Program  on  the  $!  and  $V  card'  .  the  pro  j-om  I’.sumos  !  h-p  !"  ow  o^-m* 
the  dam  crest  section  nrcurs  at  cr?t  ica  I  d<'  t>t  h  x  id  computes  lot  urna !  !  v 
the  flow  passing  the  (.lain  etc;!  and  a  ids  this  'dew  1 4  tdv’  f  1  •  rw  pa  .'dog  id" 
spillway  as  entered  no  the  Yd  and  Y"  card';. 
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INFLOW  HYlfcOGRAfl! 


I  STAG  I  COT  1F.COM  IT  ATE  UF'LT  JRRT  I  NAME  1STA0E  1AUT0 

INFLOW  0  0  0  0  0  5  0  0 

HYOROGRATH  DATA 

lHYDG  IUHG  TAREA  SNAP  T  RCDA  TK'VRC  PATIO  1CNOW  1SAME  LOCAL 
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